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7KH SUHVHQW VWXG\ LQYHVWLJDWHV DQDO\WLFDOO\ WKH HIIHFW RI SDUWLDO VOLSPDJQHWRK\GURG\QDPLF 0+' QDQRIOXLG IORZ RQ HQWURS\
JHQHUDWLRQLQDVWUHWFKLQJVKHHWE\K\SHUJHRPHWULFIXQFWLRQ/LH
VVFDOLQJJURXSRIWUDQVIRUPDWLRQVDUHXVHGWRFRQYHUWWKHSDUWLDO
GLIIHUHQWLDO HTXDWLRQV RI WKH JRYHUQLQJ HTXDWLRQV LQWR QRQOLQHDU RUGLQDU\ GLIIHUHQWLDO HTXDWLRQV 7KH HIIHFW RI SHUWLQHQW
SDUDPHWHUVVXFKDVPDJQHWLFSDUDPHWHUQDQRVROLGYROXPH IUDFWLRQSDUDPHWHUSDUWLDOVOLSSDUDPHWHUDQGVXFWLRQSDUDPHWHUDUH
GLVFXVVHGIRUERWKYHORFLW\DQGWHPSHUDWXUHSURILOHV$OVRWKHHIIHFWVRISDUWLDOVOLSSDUDPHWHUZLWKWKHQDQRVROLGYROXPHIUDFWLRQ
SDUDPHWHU PDJQHWLF SDUDPHWHU VXFWLRQ SDUDPHWHU DQG 5H\QROGV QXPEHU RQ WKH HQWURS\ JHQHUDWLRQ DUH GLVFXVVHG IRU $J
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1DQRIOXLGV DUH PRGHUDWHO\ D QHZ FODVV RI IOXLGV ZKLFK FRQVLVWV RI D EDVH IOXLG ZLWK QDQRVL]HG SDUWLFOHV
VXVSHQGHG ZLWKLQ WKHP 7KH QDQRIOXLG ZDV ILUVW SURSRVHG E\ &KRL >@ +\GURPDJQHWLF LV WKH VWXG\ RI
FRPPXQLFDWLRQ RI FRQGXFWLQJ IOXLG ZLWK HOHFWURPDJQHWLF SKHQRPHQD 7KH DGYDQWDJH RI WKH K\GURPDJQHWLF
QDQRIOXLGLVWKDWIOXLGIORZDQGKHDWWUDQVIHUFDQEHFRQWUROOHGE\H[WHUQDOPDJQHWLFILHOGZKLFKPDNHVLWDSSOLFDEOH
LQ YDULRXV ILHOGV 9L] DHURVSDFH HOHFWURQLF SDFNLQJ DQG WKHUPDO HQJLQHHULQJ +DPDG >@ VWXGLHG WKH QDWXUDO
FRQYHFWLRQ IORZRI D QDQRIOXLG RYHU D OLQHDUO\ VWUHWFKLQJ VKHHWZLWK WKH HIIHFW RIPDJQHWLF ILHOG$EGXO+DNHHP
HWDO>@ LQYHVWLJDWHG WKH SDUWLDO VOLS HIIHFW RQ WKH IORZ RI D 1HZWRQLDQ IOXLG RYHU D VWUHWFKLQJ VKHHW .D\DOYL]KL
HWDO>@VWXGLHGWKHYHORFLW\VOLSHIIHFWVRQWKHKHDWDQGPDVVIOX[HVRIDYLVFRXVDQGHOHFWULFDOO\FRQGXFWLQJIOXLG
IORZRYHUDVWUHWFKLQJVKHHW5HFHQWO\$EGXO+DNHHPHWDO>@DQDO\]HGWKHPDJQHWLFILHOGHIIHFWRQVHFRQGRUGHU
VOLS IORZRI QDQRIOXLG RYHU D VWUHWFKLQJVKULQNLQJ VKHHWZLWK WKHUPDO UDGLDWLRQ HIIHFW 7KHSXUSRVHRI WKHSUHVHQW






VKHHW LQ WKH SUHVHQFH RI PDJQHWLF ILHOG 7KH YHORFLW\ RI WKH VWUHWFKLQJ VKHHW LV [DXZ   :H DOVR FRQVLGHU WKH
LQIOXHQFHRIDFRQVWDQWPDJQHWLFILHOGRIVWUHQJWK % ZKLFKLVDSSOLHGQRUPDOO\WRWKHVKHHW7KHWHPSHUDWXUHDWWKH
VWUHWFKLQJ VKHHW WDNHV WKH FRQVWDQW YDOXH Z7  ZKLOH WKH DPELHQW YDOXH DWWDLQHG DV \ WHQGV WR LQILQLW\ WDNHV WKH
FRQVWDQWYDOXH f7 ,W LVIXUWKHUDVVXPHGWKDW WKHLQGXFHGPDJQHWLF ILHOGLVQHJOLJLEOHLQFRPSDULVRQWRWKHDSSOLHG
PDJQHWLFILHOGDVWKHVPDOOPDJQHWLF5H\QROGVQXPEHU7KHIOXLGLVDZDWHUEDVHGQDQRIOXLGFRQWDLQLQJVLOYHU$J
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
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wU         
:KHUH [ LV WKH FRRUGLQDWH DORQJ WKH VKHHW X LV WKH YHORFLW\ FRPSRQHQWV LQ WKH  [ GLUHFWLRQ \ LV FRRUGLQDWH
SHUSHQGLFXODUWRWKHVKHHW Y LVWKHYHORFLW\FRPSRQHQWLQWKH \ GLUHFWLRQ7LVWKHORFDOWHPSHUDWXUHRIWKHIOXLGV LV
WKHHOHFWULFFRQGXFWLYLW\
)XUWKHU QIU LV WKH HIIHFWLYH GHQVLW\ RI WKH QDQRIOXLG QIP LV WKH HIIHFWLYH G\QDPLF YLVFRVLW\ RI WKH QDQRIOXLG
QIS& U LVWKHKHDWFDSDFLWDQFHDQG QIN LVWKHWKHUPDOFRQGXFWLYLW\RIWKHQDQRIOXLGDQGDUHJLYHQDV
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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w  ZYY   Z77  DW  \    
oX  Z77 o  DV fo\ 

:KHUHWKHG\QDPLFYLVFRVLW\RIWKHEDVLFIOXLGLV IP WKHGHQVLWLHVRIWKHEDVHIOXLGDQGQDQRSDUWLFOHDUH IU DQG VU
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WKHUPDOFRQGXFWLYLWLHVRIWKHEDVHIOXLGDQGQDQRSDUWLFOHDUH IN DQG VN UHVSHFWLYHO\DQGLVFRQVWDQW
%\LQWURGXFLQJWKHIROORZLQJQRQGLPHQVLRQDOYDULDEOHV
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\  oT  DV fo\ 

:KHUH II DQ 3U LV WKH 3UDQGWO QXPEHU IQ D%0 UV  LV WKH PDJQHWLF SDUDPHWHU IZ DY6 Q LV WKH
VXFWLRQSDUDPHWHUDQG IDO/ Q LVWKHSDUWLDOVOLSSDUDPHWHU
1RZ E\ XVLQJ WKH VLPSOLILHG IRUP RI /LHJURXS WUDQVIRUPDWLRQV QDPHO\ WKH VFDOLQJ JURXS * RI
WUDQVIRUPDWLRQVZHJHWWKHVLPLODULW\WUDQVIRUPDWLRQVDV
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 6)   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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         

:KHUHP LV WKH SDUDPHWHU DVVRFLDWHGZLWK WKH QDQRVROLG YROXPH IUDFWLRQ WKHPDJQHWLF ILHOG SDUDPHWHU VOLS
SDUDPHWHUVXFWLRQSDUDPHWHUWKHIOXLGGHQVLW\DQGWKHQDQRSDUWLFOHGHQVLW\DVIROORZ
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I         
$QGWKHFRUUHVSRQGLQJERXQGDU\FRQGLWLRQVDUH

  T   DQG    fT       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3U        
$QGLQVHUWLQJLQZHREWDLQ
      [[[ T[[T D         
DQGWUDQVIRUPVWR
3U    PDT















KKT        







































      
7KH FRQWULEXWLRQV RI WKUHH VRXUFHV RI HQWURS\ JHQHUDWLRQ DUH FRQVLGHUHG LQ (T 7KH ILUVW WHUP LQGLFDWHV WKH
HQWURS\JHQHUDWLRQGXHWRKHDWWUDQVIHUDFURVVD ILQLWHWHPSHUDWXUHGLIIHUHQFHWKHVHFRQGWHUPUHSUHVHQWVWKH ORFDO
HQWURS\JHQHUDWLRQGXH WR YLVFRXVGLVVLSDWLRQDQG WKH WKLUG WHUP LQGLFDWHV WKH ORFDOHQWURS\JHQHUDWLRQGXH WR WKH
HIIHFWRI WKHPDJQHWLF ILHOG$GLPHQVLRQOHVVQXPEHU IRUHQWURS\JHQHUDWLRQUDWH 16 LVGHILQHGDV WKHUDWLRRI WKH
ORFDO YROXPHWULF HQWURS\ JHQHUDWLRQ UDWH 6* WR D FKDUDFWHULVWLF HQWURS\ JHQHUDWLRQ UDWH 6* )RU D SUHVFULEHG
ERXQGDU\FRQGLWLRQWKHFKDUDFWHULVWLFHQWURS\JHQHUDWLRQUDWHLV
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8VLQJ(TVDQGWKHHQWURS\JHQHUDWLRQQXPEHULVJLYHQE\
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   
5HVXOWVDQG'LVFXVVLRQ

7KH HIIHFWV RI WKH SHUWLQHQW SK\VLFDO SDUDPHWHUV RQ WKH YHORFLW\ WHPSHUDWXUH DQG HQWURS\ JHQHUDWLRQ SURILOHV DUH
REVHUYHGIURPWKHJUDSKLFDOLOOXVWUDWLRQIRU$JZDWHU)RUEDVHIOXLGZDWHUWKH3UDQGWOQXPEHULVIL[HGDV
)LJH[KLELWVWKHFRPELQHGHIIHFWVRIPDJQHWLFSDUDPHWHU0QQDQRVROLGYROXPHIUDFWLRQSDUDPHWHU׋SDUWLDO
VOLS SDUDPHWHU / DQG VXFWLRQ SDUDPHWHU 6 RQ WKH YHORFLW\ SURILOH ,W LV REVHUYHG WKDW WKH ULVLQJ RI PDJQHWLF
SDUDPHWHUQDQRVROLGYROXPH IUDFWLRQSDUDPHWHUSDUWLDOVOLSSDUDPHWHUDQGVXFWLRQSDUDPHWHU UHGXFHV WKHYHORFLW\
SURILOH7KLVLVGXHWRIDFWWKDWWKHPDJQHWLFSDUDPHWHUQDQRVROLGYROXPHIUDFWLRQSDUDPHWHUSDUWLDOVOLSSDUDPHWHU
DQGVXFWLRQSDUDPHWHUUHGXFHVWKHYHORFLW\LQWKHERXQGDU\OD\HU











HQWURS\ JHQHUDWLRQ ,W LV UHYHDOHG WKDW WKH ERWK QDQRVROLG YROXPH IUDFWLRQ SDUDPHWHU DQG SDUWLDO VOLS SDUDPHWHUV
LQFUHDVHV DV HQWURS\ JHQHUDWLRQ GHFUHDVHV ,W LV FOHDU WKDW WKH HQWURS\ JHQHUDWLRQ QXPEHU GHFUHDVHV ZLWK WKH





,W LV REVHUYHG WKDW WKH HQWURS\ JHQHUDWLRQ LQFUHDVHV DV VXFWLRQ SDUDPHWHU LQFUHDVHV DQG GHFUHDVHV DV SDUWLDO VOLS
SDUDPHWHU LQFUHDVHV 1HDU WKH VXUIDFH WKH HQWURS\ JHQHUDWLRQ UDWH LQFUHDVHV DV WKH YDOXH RI VXFWLRQ SDUDPHWHU
LQFUHDVHV%XW WKHVFHQDULREHFRPHVGLIIHUHQWDV WKHGLVWDQFHIURPWKHVXUIDFH LQFUHDVHV)LJGHPRQVWUDWHV WKH






JHQHUDWLRQ LQ D VWUHWFKLQJ VKHHW 7KH YHORFLW\ DQG WHPSHUDWXUH SURILOHV DUH REWDLQHG DQDO\WLFDOO\ DQG WKH HQWURS\
JHQHUDWLRQLVFRPSXWHG)ROORZLQJFRQFOXVLRQFDQEHGUDZQIURPWKHSUHVHQWLQYHVWLJDWLRQ


















































































GLVWULEXWLRQZLWK3U 0Q / 6 ࢥ 
16
)LJ(IIHFWRIPDJQHWLFSDUDPHWHUZLWKSDUWLDOVOLSSDUDPHWHURQ















































































VOLSSDUDPHWHURQHQWURS\JHQHUDWLRQZLWK3U 0Q ࢥ 
6 %Uȍ +D 
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